1 A large number of physiologically functional foods are comprised of plant polyphenols. 2
ubiquitin/proteasome systems, etc.) for adaptation [15] . In addition, prior to translocation of 1 Nrf2 into the nucleus, its transcription activity is modulated by several protein kinases, which 2 are simultaneously activated by stressors. Feng et al. disclosed that activation of Akt and 3 extracellular signal-regulated kinase (ERK)1/2 is required for activation of Nrf2, leading to 4 up-regulation of the expression of heme oxygenase (HO)-1, one of the major inducible 5 anti-oxidant enzymes [16] . On the other hand, Nrf2 activity is continuously repressed in a 6 normal state by Bach1, which constitutively binds to the Maf recognition element [17] . 7 8 Heat shock proteins as molecular chaperones 9
Various types of stresses toward biological proteins critically disrupt their 10 conformation and folding state, which often results in abolishment of their biological 11 functions. A number of recent studies have indicated that several distinct PQC systems play 12 key roles in counteraction against proteo-stress. Heat shock proteins (HSPs), highly 13 conserved families of proteins ubiquitously expressed in most types of cells, are molecular 14 chaperones that allow misfolded and unfolded proteins to achieve functionally active 15 conformation ( Figure 4) . The expression and functional status of HSPs are considered to be 16 critical determinants of PQC systems and thus essentially associated with homeostasis, 17 health and longevity. In fact, expression of HSPs at high levels substantially contributes to 18 extending the lifespan of many experimental animals [18] . HSPs are comprised of numerous 1 family proteins. Constitutive HSPs, sharing approximately 1% of cytosolic proteins, are 2 essential for maintaining PQC systems under a non-stressed condition. On the other hand, 3 various types of stressors are known to up-regulate inducible HSPs. In a normal state, 4
HSP90β, a major constitutive isoform, is bound to the transcription factor heat shock factor1 5 (Hsf1), thereby forcing it to be biologically dormant [19] . Heat shock and some other stimuli 6 are capable of dissociating this heterodimer complex. Thereafter, the resultant free Hsf1 7 forms a trimer complex and is also phosphorylated at multiple sites, finally translocating 8 into the nucleus to induce a number of HSP genes to amplify defense capacity [19] . For 9 example, HSP70, a major inducible isoform, protects neurons from protein aggregation and 10 apoptosis, which may contribute to regulate Parkinson's, Alzheimer's and polyglutamine 11 diseases, and ALS [20] . Additionally, Hsf1 has been reported to up-regulate ABC 12 transporters [21] and Bcl-2 [22] , both of which potentiate cellular defense capacity against 13 foreign chemicals and other stress stimuli. Meanwhile, it is interesting to note that there are 14 mechanistic interactions between oxidative stress-and proteo-stress-triggered signaling 15 pathways. In this regard, Back et al. showed that oxidative stress chemically cleaves HSP90 16 protein, resulting in dissociation with and subsequent degradation of its client proteins, 17
including Bcr-Abl, RIP, and Akt, for cancer cell death [23] . Also, oxidative stress-triggered
Introduction 8
Tea (Camellia sinensis, Theaceae) is a popular beverage and consumed by over 9 two-thirds of the world population [26] . Green tea polyphenols (GTPs) account for 30-42 % 10 of the dry weight of the solids in brewed green tea, while (-)-epigallocatehin-3-gallate 11 (EGCG) ( Figure 5A ) is estimated to account for 50-80% of the total catechins in tea [26] . 12
There is scant evidence that oral consumption of green tea, but not supplements, even at 13 large amounts has side-effects, and is actually beneficial. For example, an epidemiological 14 survey, of over 8500 people followed up for 9 years showed that the age-standardized 15 average annual incidence rate of cancer was significantly lower among females who daily 16 consumed 10 or more cups of green tea [45] . In addition to the health benefit effects of are largely due to pro-oxidative properties when consumed at high doses. These 1 pro-oxidative activities are broadly attributable to their catechol structures (ortho diphenols, 2 Figure 5B ). This functional moiety has a chemical characteristic to generate superoxide anion 3 radical (O2 -) from molecular oxygen ( 3 O2) through formation of an electrophilic o-quinone 4 counterpart. In addition, Kajiya et al. hypothesized that an ester group in EGCG plays a 5 crucial role in biochemical interactions with the lipid bilayer, providing it with a high affinity 6
to the cell membrane [30] . Of note, GTPs covalently bind protein thiols through their 7 conversion to an o-quinone counterpart [31, 32] , while Elbling and colleagues showed that 8 EGCG exhibited a pro-oxidative, but not anti-oxidative, property in cellular models [33] . 9
Similarly, EGCG induced injury in mouse blastocysts through intrinsic apoptotic signaling 10 processes to impair sequent embryonic development [34] . We also found that GTPs 11 increased expression of the tumor metastatic protein, pro-matrix metalloproteinase-7 12
(pro-MMP-7), in human colon adenocarcinoma cells via a pro-oxidation-dependent 13 mechanism since both SOD and catalase suppressed the production of pro-MMP-7 [35] . 14 However, the pro-oxidative activity of GTPs may not be recognized as not necessarily 15 harmful because it executes induction of cancer cell apoptosis [36] . Moreover, as indicated 16 above, pro-oxidative stimuli may activate the Keap1/Nrf2 systems for exhibiting 17 anti-oxidative, anti-inflammatory, and chemopreventive activities [37] . In fact, Na et al. 18 showed that EGCG acted as a pro-oxidant to activate Nrf2-dependent gene expressions of 1 some representative antioxidant enzymes [38, 39] . Thus, it can be argued that the 2 pro-oxidative nature of GTPs cannot be simply defined as harmful, and the risks and 3 benefits depend on the situation. Meanwhile, the anti-and pro-oxidative properties of GTPs 4 as well as many other polyphenols are determined by their doses, the presence or absence of 5 oxidants, the responsiveness of adaptation systems, and other factors. consumption of a 0.36% GTP diet resulted in a significant increase in multiplicity of colonic 7 tumors as compared to the carcinogen azoxymethane alone [50] . We also assessed the potential toxicity of GTP toward liver and kidney functions 9 using a DSS-induced colitis model because, as mentioned above, high-dose GTPs may show 10 harmful effects in those organs. Importantly, oral feeding of 1% GTPs, caused kidney 11 dysfunctions in DSS-treated ICR mice, as revealed by increases in serum creatinine, the 12 most reliable biomarker of nephropathy [51]. In addition, we observed that the amounts of 13 thiobarbituric acid-reactive substances (TBARS, a potential indicator of lipid peroxidation) 14 were increased in both the livers and kidneys of the 1% GTP group. Previous 15 pharmacological studies have shown that EGCG is metabolized through methylation, 16 glucuronidation, and sulfation under normal physiological conditions, and then subsequently 17 excreted in urine [52] . It is important to note that, most, if not all, metabolites are biologically inactivated and thus much less toxic than the intact form of EGCG. Furthermore, these 1 bioactive electrophiles have a potential to bind to nucleophilic amino acid residues (e.g., 2 cysteine) for inducing proteo-stress [53, 54], and those stress-generating properties may be 3 associated with their toxicity in the liver and kidneys. Meanwhile, in other studies high-dose 4 EGCG reduced the expressions of Nrf2-dependent antioxidant enzymes, including HO-1, 5 SOD, NAD(P)H quinone oxidoreductase 1, and catalase [48, 55] , and some of those findings 6
showing positive correlations with our results [48, 51] . Importantly, Nrf2 activity is a 7 primary contributor to hepatoprotection [56] . Also, Lim and colleagues have found a 8 correlation between decreased SOD activity and aggravated diabetic nephropathy [57], 9 while HO-1 was reported to attenuate the progression of chronic kidney disease [58] . 10 Therefore, we speculate that high-dose GTPs not only act in a pro-oxidant manner, but also 11 down-regulate Nrf2-dependent antioxidant enzymes for disordering homeostasis in the liver 12 and kidney. Downregulation of HSP70 in the colonic mucosa of DSS-exposed mice has been 13 found to have an association with intestinal inflammation [59] . It should also be noted that 14 renal and hepatic levels of HSP27 were remarkably down-regulated by 1% GTP 15 administration as compared with the DSS group [51], while more strikingly, HSP90 in the 16 kidneys and livers of the non-treated mice was notably down-regulated in mice that received who previously found that HSP90 was repressed by EGCG in MCF-7 human breast cancer 1 cells [60] . As noted above, HSP90 is the most abundant molecular chaperone and plays 2 pivotal roles in maintaining organ homeostasis [61] . Therefore, a 1% GTP diet might induce 3 hepatic and renal toxicity by attenuating, at least in part, the expressions of anti-oxidant 4 enzymes (SOD, HO-1, etc.) and molecular chaperones (HSP90, HSP27, etc) . 5 6
Beneficial effects of GTPs at low and medium doses 7
In contrast to high doses, medium-and low-dose GTP diets (0.01-0.1%) 8 significantly inhibited rat colon carcinogenesis [62] , which correlated in part with our 9 previous findings [48] , i.e., a diet of 0.01%, but not 0.5% or 1%, GTP tended to decrease 10 tumor multiplicity or frequency. Thus, administration of GTPs exhibits both beneficial and 11 harmful effects on colon carcinogenesis, depending on the dose. In parallel, Kohlmeier et al. 12 reported that it is difficult to define the inhibitory effects of green tea consumption on colon 13 cancer development in humans [63] . Interestingly, medium and low doses of GTPs also 14 exhibited beneficial effects on hepatic and kidney functions, as GTPs at 0.01% and 0.1% 15 significantly suppressed DSS-induced elevation of serum aspartate aminotransferase and 16
ALT levels [64] . Similarly, GTPs at both 0.01% and 0.1%, but not 1%, remarkably 17 up-regulated the expressions of HO-1 and HSP70 in livers and kidneys of DSS-exposed mice. reason why phytochemicals trigger activation of self-defense systems is probably because 1 they are essentially foreign chemicals with no nutritional value mammals. Accumulated 2 evidence regarding the functionality and toxicity of phytochemicals reminds us of the saying 3 'More than enough is too much'. 4 5 Acknowledgements 6
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